Studies have compared surgical with nonsurgical therapy for acute uncomplicated appendicitis, but none of these studies have a patient-centered perspective.
A ppendicitis was traditionally managed surgically, barring severe resource limitations or comorbidity. Laparoscopy and percutaneous drainage have refined the algorithm but reinforced the perceived need for invasive intervention. However, uncomplicated appendicitis may be treated with antibiotics alone, albeit with different outcomes than surgery. [1] [2] [3] [4] [5] Further trials are planned and reported results vary, but many patients with uncomplicated acute appendicitis prosper with antibiotics alone, although they risk longer hospitalization and outpatient treatment, substantial early and late failure, and potentially more complications if antibiotics fail. Physicians debate which option is "better," but the preferred outcome should depend on patients' values. 6, 7 Informed consent doctrine emphasizes providing information that generic reasonable patients would want, but not all "reasonable" people make the same choices [8] [9] [10] [11] when considering not only the probabilities of risks and benefits but also how patients value them. We sought to investigate how patients with acute uncomplicated appendicitis might choose treatment. We conducted an anonymous internet-based survey of 1728 individuals, asking respondents to imagine that they had acute uncomplicated appendicitis; randomly presenting laparoscopic appendectomy, open appendectomy, and antibiotics alone as treatment options; and summarizing informed consent information. We asked survey respondents to choose a treatment, explored their rationale, and recorded demographics and their propensity for risky health-and-safety activities. 12 We also asked how respondents would choose for a child for whom they were responsible. Because few respondents chose antibiotics, we conducted a sensitivity analysis. For this second survey, we interviewed 220 individuals for whom we systematically varied antibiotic protocols and success to identify targets to make antibiotics for appendicitis a more attractive option.
Methods
In 2 surveys, respondents were asked to imagine they had appendicitis; asked to choose among the treatment options of laparoscopic appendectomy, open appendectomy, and antibiotics alone; and given descriptions of the options and outcomes (eAppendix in the Supplement). Participation was voluntary and without compensation. We estimated risks and outcomes for each alternative from recent publications, seeking representative statistics. Each survey was iteratively tested and refined on medical and nonmedical personnel, students (including high school students), and lay personnel. Survey language was adjusted to respond to uncertainties or respondent questions before survey release. Both surveys were approved by the University of North Dakota (UND) institutional review board. Written or electronic patient informed consent was obtained from all participants. Web survey data were analyzed from June 17, 2016, to September 21, 2017. Sensitivity analysis data were analyzed from August 1, 2016, to September 21, 2017.
Web Survey
We disseminated to a convenience sample of participants an anonymous web-based survey via email links, a poster with a Quick Response code, and social media. The UND licenses the survey software used (Qualtrics; Qualtrics, LLC) and thus made no additional payment for this study. D.B) . However, to control for potential bias, we analyzed data including and excluding surgeons or respondents with any health care employment or studies and found similar results. Lack of web access, younger than 10 years of age, and inability to understand or participate represented the exclusion criteria. An electronic consent screen required completion before the introductory scenario screen presented the options in random order and treatment could be chosen.
A 1-to-5 Likert-type scale allowed participants to independently rate the importance of each factor in their decision. They were not asked to provide a relative rank order but rather to rate the importance of each factor on its own. Respondents could, if desired, rate all 5 items similarly. Factors included quick treatment, pain, avoiding surgery, avoiding recurrence, and avoiding complications. Patients might conceivably consider many diverse factors in making this decision, which is worthy of further research in itself. To limit survey length and respondent fatigue, we chose these 5 factors on the basis of our senior author's experience in offering these choices to patients in actual practice and on the questions that patients have asked. Respondents were then asked to imagine that their child, or a child for whom they were responsible, had acute uncomplicated appendicitis instead, to choose for this child, and to describe what influenced their decision.
Key Points
Question Which treatment will patients with uncomplicated acute appendicitis choose when presented with both surgical and nonsurgical options, and what might make nonsurgical antibiotic therapy a more appealing option?
Findings In a survey of 1728 participants, most respondents chose laparoscopic appendectomy over open appendectomy and antibiotics alone as a treatment option for acute appendicitis, while a sensitivity analysis involving 220 individuals demonstrated that antibiotics alone was more appealing when short-term failure or long-term recurrence rates were decreased.
Meaning Patients should be presented with all viable treatment options, including antibiotics alone, while future research on antibiotic treatment for appendicitis should focus on improving failure rates.
We recorded respondents' gender, education, race or ethnicity, age group, and occupation as surgeon as well as whether they had children or previous experiences with surgery, hospitalization, and illness. Participants were asked to rate their likelihood of participation in 8 health-risk behaviors using a previously validated assessment of health-risk behavior. 12 These behaviors included the likelihood of engaging in illegal drug use, consuming more than 5 alcoholic drinks per day, having unprotected extramarital sex, riding a motorcycle without a helmet, not wearing a seatbelt in the front seat, getting sun exposure without sunscreen, walking home alone at night in a somewhat unsafe area, and regularly eating high-cholesterol foods.
Statistical Analysis
We used χ 2 analyses for categorical measures or 1-way analysis of variance for continuous measures to evaluate univariate associations between choice and demographics, personal health history, and health-risk behavior. Univariate factors associated with choice at P ≤ .10 were entered into a multivariate multinomial logistic regression predicting treatment choice. We analyzed self-choice separately from child choice.
Sensitivity Analysis
Because few respondents in the first survey chose antibiotics, we conducted a second survey in which we interviewed 220 separate participants. We systematically improved the risks and outcomes of antibiotic treatment for this group to better understand what would influence respondents to choose antibiotics. Participants were recruited from June 3, 2016, to July 31, 2016, at public venues throughout Grand Forks, North Dakota, including the UND campus, churches, and businesses. After giving consent, participants read an introductory handout identical to that provided in the first survey (eAppendix in the Supplement) and received a summary (eTable in the Supplement) to ground the main scenario as we hypothetically varied antibiotic outcomes. We asked respondents to imagine they had acute uncomplicated appendicitis, choose treatment based on the handout, and explain their choice. Respondents who chose surgery were asked whether certain factors influenced their decision and then a series of questions about whether they would consider switching to antibiotics; each time, we incrementally improved that specific factor. Each factor was reset to the initial survey base case before the next factor was altered. We varied these factors: length of hospitalization, duration of oral antibiotics, risk of short-term antibiotic failure, risk of long-term recurrence, and risk of developing additional complications after failure or recurrence. All participants were asked about gender, age, education, race or ethnicity, personal or family experience with appendicitis, previous surgical procedures, and hospitalization.
Results

Web Survey
In total, 2153 individuals accessed the online survey, but only 1728 (80.3%) completed it ( Table 1) . (Virtually all others stopped at the consent or introductory scenario screens.) Among the 1728 respondents, 1225 (70.9%) were female and 500 (28.9%) were male (3 [0.2%] either did not answer or responded as "gender fluid" within the comments section of the survey), and most selfreported being between 50 and 59 years of age (391 [22.6%]) and being non-Hispanic white (1563 [90.5%]). The survey platform, which estimates the approximate location of survey respondents based on IP addresses while maintaining respondent anonymity, revealed 1123 participants (65.0% [1123 of 1728]) were from the Midwest, but responses were received from 48 states and 19 countries.
Self-choice
Of the 1728 respondents, 1482 (85.8%) chose laparoscopic appendectomy, 84 (4.9%) open appendectomy, and 162 (9.4%) antibiotics alone. Respondents who chose antibiotics considered avoiding surgery to be most important, and they rated quick treatment, pain, avoiding recurrence, and avoiding complications less important than did respondents who chose either open or laparoscopic appendectomy. Those who selected antibiotics rated the following from highest to lowest level of importance: avoiding surgery, avoiding complications, quick treatment, avoiding recurrence, and pain. The rating order of motivations for those who chose laparoscopic surgery matched that for those who chose open surgery; that order from most to least important is as follows: quick treatment, avoiding recurrence, avoiding complications, pain, and avoiding surgery. All results were significant at P < .002 ( Table 2) .
On univariate analysis, we found that respondents who chose antibiotics were more likely to have postcollege education, to not be surgeons, and to walk home alone at night in a somewhat unsafe area compared with respondents who opted for laparoscopic or open surgery. Respondents aged 60 years or older chose antibiotics less frequently than did those aged 20 to 59 years.
Multivariate Child Choice When asked to choose for children with appendicitis, 1372 respondents (79.4%) chose laparoscopic appendectomy, 106 (6.1%) open appendectomy, and 250 (14.5%) antibiotics. Factors in decision making were rated similarly to when respondents chose for themselves ( Table 2) . The univariate analysis for child choice indicated that nonsurgeons and respondents who neither had appendicitis nor knew anyone who had ]; P < .001). However, less than 19% of the respondents in any subgroup chose antibiotics for their child. All of these results were significant at P ≤ .025. Multivariate analysis yielded otherwise similar results when health-risk behaviors were excluded from analysis. We also repeated multivariate analyses for child choice using self-choice as an additional covariate. Age and education were no longer significant independent predictors, but our conclusions about other predictors were unchanged.
Sensitivity Analysis
Interviewees' initial decision making resembled that of the webbased survey respondents: 191 (86.8%) of 220 participants chose laparoscopic surgery, 12 (5.5%) chose open surgery, and 17 (7.7%) chose antibiotics. In general, interviewees demographically resembled web survey respondents (Table 1) except that interviewees were closer to gender balance. Of the 220 participants interviewed for the sensitivity analysis, 120 (54.5%) were female and 100 (45.5%) were male, and most self-reported being between 18 and 24 years of age (53 [24.1%]) and being non-Hispanic white (204 [92.7%]). More young adults participated in interviews, so fewer had achieved postcollege education than the respondents in the online survey. Stating their primary reasons for choosing treatment, 102 respondents (46.4%) alluded to hospitalization length, 77 (35.0%) listed immediate treatment, 77 (35.0%) identified re-infection, 75 (34.1%) mentioned invasiveness, 65 (29.6%) alluded to short-or long-term complications, 60 (27.3%) listed cosmesis, 25 (11.4%) alluded to previous surgical experience (good or bad), and only 12 (5.5%) mentioned pain.
Choices changed as consequences of antibiotics were varied (Figure) . Short-term failure and long-term recurrence rates had the greatest effect on choice ( Figure, D and E) . Interestingly, 132 of the 203 participants (65.0%) who chose surgery said hospitalization length influenced their decision, but 70 (53.0%) of that group did not switch even if treatment was entirely outpatient. Similarly, 103 participants (50.7%) considered complication risk important, yet 69 (67.0%) of them chose surgery even if the complication rate matched that of surgery. In contrast, of the 177 participants (87.2%) who considered short-term failure important and 156 (76.8%) who considered long-term recurrence important, only 51 (28.8%) and 52 (33.3%), respectively, continued to choose surgery with improvement of antibiotic treatment options.
Discussion
Laparoscopy is replacing open appendectomy for acute appendicitis, but new trials [1] [2] [3] [4] [5] [6] [7] suggest that antibiotics can preclude surgery. Avoiding surgery may have attendant disadvantages, including longer hospitalization, prolonged outpatient therapy, and frequent failures. Many surgeons resist offering nonsurgical treatment, prompting further trials [1] [2] [3] [4] [5] [6] [7] that have only reinforced current understanding of the advantages and disadvantages of this approach. Rather than conduct studies of whether surgery or antibiotic therapy is "better," we asked possible patients what they would choose and why. Most respondents chose surgery, but some chose antibiotics. How information is presented can influence respondent perceptions. If we had described rates of success for antibiotics in avoiding surgery rather than rates of failure in requiring surgery, more respondents might conceivably have chosen antibiotics. We chose this apparently negative language because this is the mode in which most surgeons generally obtain informed consent-discussing complication rates rather than the rates of avoiding complications. For instance, it seems unlikely that a surgeon describing surgical infection rates would say, "There is a 98% chance you won't get a wound infection" instead of, "There is a 2% chance of wound infection." Nevertheless, this mode of communication awaits future study.
Although most respondents preferred surgery (as did almost all surgeons), about one-tenth preferred antibiotics. This preference may be rational for some. Surgeons should offer antibiotics to patients with appendicitis while feeling comfortable explaining why they prefer surgery. Patients with difficult choices benefit from a cautious discussion of the physician's own value-based preferences while noting that the patient may disagree. 13 Although the law implies a standardized discussion of what "reasonable individuals" want to know, patients may want different information and make different value-based choices even with the same information.
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Physicians cannot always predict patients' desires and thus should not assume that patients would reject nonsurgical treatment for appendicitis.
19
Experience may have influenced choice. Surgeons and respondents with exposure to appendicitis chose surgery more frequently. Previous cases of appendicitis were most likely treated surgically, and respondents may have been reassured by satisfactory outcomes. Conversely, respondents whose friends or family had undergone surgery (not necessarily for appendicitis) were more likely to choose antibiotics, perhaps extrapolating from more difficult hospitalizations or convalescences after more serious disease to an expected painful or prolonged postappendectomy course. The increased likelihood of choosing antibiotics by respondents without family or friends who had been hospitalized could reflect an underestimation of the hospital stay associated with antibiotics.
Although both surgeons and nonsurgeons chose laparoscopic appendectomy much more frequently than open appendectomy, surgeons tended to be slightly more likely to choose open appendectomy than nonsurgeons. Most surgeons were within the age ranges in which one would expect laparoscopic experience, and surgeons between 40 and 49 years old were not substantially less likely to choose open appendectomy than were surgeons aged 60 years or older, for instance. Further study might explore this finding.
We hypothesized that risky health-and-safety behaviors might predict therapy choice. These particular risky behaviors were previously defined by Weber et al 12 as a health-risk behavior subscale in a risk-behavior index. We used this subscale in our survey to determine whether such behaviors correlate with decision making in this particular personal medical decision. Because both antibiotics and surgery options entail some (but different) risks, decision making was likely influenced not only by the respondent's likelihood of engaging in risky behavior (or a choice) but also by the respondent's relative weighting of the severity of the risks posed by each choice. Overall health-risk scores did not predict treatment choice, but respondents were more likely to choose antibiotics for themselves if they were more likely to walk home alone at night in an unsafe area and for their children if they were less likely to consume 5 or more alcoholic drinks per day. This finding suggests that, first, medical decision making is linked to other behaviors and lifestyle choices and, second, all personal health-risk choices are not alike. Other medical decision making has been associated with the propensity to engage in specific health-risk behaviors, including alcohol abuse and smoking.
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If antibiotic therapy for acute appendicitis is reasonable but neither surgeons nor patients choose it, where should further research be directed? Additional trials 6 seem unlikely to modify choices. Our results chart a different way forward. Respondents were most willing to choose antibiotics if shortterm failure or long-term recurrence decreased. Traditional long courses of postoperative antibiotics are being shortened after definitive source control. [22] [23] [24] Without source control, future research may more usefully emphasize selecting patient subsets who will benefit from current antibiotic protocols rather than attempt to shorten current hospitalization or outpatient antibiotic protocols while hoping that failure and recurrence rates will not worsen. For instance, given that patients presenting with appendicitis at night are sometimes managed by overnight antibiotics and morning appendectomy, the initial antibiotic response might select patients with lower failure rates. Conversely, pharmacologists might identify antibiotic protocols that reduce failure.
Limitations
Our study has limitations. Hypothetical choices by healthy individuals might differ from choices of actual patients in distress. However, these hypothetical choices might be more rational, and the choices of healthy individuals interviewed in person in our second survey mirrored the results of the webbased survey. Different surgeons quote different complication and failure rates, but the outcomes in our scenarios were evidence based and seemed reasonable to surgeons in our community. Moreover, sensitivity analyses suggested that the overall conclusion that most people would choose surgery seems unlikely to have been changed by small variations in risk statistics. In the web-based survey, we did not conduct formal testing to ensure that respondents fully understood all the information presented. However, the sensitivity analysis dialogue did demonstrate participant comprehension. We also could not ensure that participants would not respond twice from different computers, although there was no incentive to do so.
Finally, our convenience sample might have incompletely represented patients from underrepresented minority groups or other countries. Although our respondents represented diverse ages, occupations, and places of origin, more than 90% of them were non-Hispanic whites, limiting the racial or ethnic diversity of our sample. Respondents who self-identified as other than non-Hispanic white were more likely to choose antibiotics than those who selfidentified as non-Hispanic white, although both groups were unlikely to choose antibiotics. The relatively small size of this subgroup precluded further exploration of this finding, but it suggests some cultural bias. White patients may be more likely than African American patients to choose surgery over nonoperative alternatives.
25,26 Nevertheless, antibiotics alone were chosen very infrequently by any racial or ethnic group or any other subgroup. Ehlers et al 6 reported that 47% of potential patients hypothetically would be willing to be randomized to surgical therapy or antibiotics therapy alone. This finding was higher than the fraction of respondents whom we found willing to choose antibiotics, perhaps because of the respondents' perceived value of participating in research or their belief that randomization would allocate them to their desired treatment. Nevertheless, even in our more hypothetical scenario, most respondents were unwilling to risk randomization to antibiotics.
Conclusion
Our results support surgeons' prejudices that most patients with appendicitis want surgery and identify presumably rational patients who deserve the chance to choose antibiotics alone if they developed acute uncomplicated appendicitis. In a patient-centered world, patient values must trump surgeon values. Repeating similar trials may be unnecessary. Future efforts to improve the patient acceptability of antibiotics therapy for appendicitis should ideally focus on reducing the failure and recurrence rates of current protocols rather than shortening their duration. 
Laparoscopic appendectomy
You will not eat until 6 AM, when you will be taken to the operating room and given general anesthesia (meaning that you will go to sleep). While you are asleep, three small holes will be made in your abdomen (belly), and the surgeon will operate through those holes to take out your appendix. Two holes will be 1/5 of an inch long and one will be about half an inch long. If all goes well, you will be discharged from the hospital the next morning, 24 hours after surgery. 1 You will not need antibiotics after you go home. You will be sent home with narcotic pain medication, but may not need it and may need only some Motrin for a few days. There is up to a 10% chance that we may need to convert your surgery to open appendectomy (see below) because of technical issues during surgery. 2 The overall complication rate for this approach is about 4%. 1, 3 These include:
 Wound Infection, most likely requiring oral antibiotics or opening up the infected small wound in the office to allow it to drain, about 2% risk. 4  Deeper infection within your abdomen, most likely requiring a radiologist to drain the infection with a needle under local anesthesia and some pain medication, but in unusual circumstances requiring surgery, about 0.4% risk.
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 Other minor complications.  Bleeding requiring reoperation is very rare.  The risk of dying from the anesthesia for a healthy person is less than 1 in 100,000.
Open surgical appendectomy
You will not eat until 6 AM, when you will be taken to the operating room and given general anesthesia (meaning that you will go to sleep). While you are asleep, the surgeon will make a cut in your abdomen (belly) approximately 3-5 inches long and will take out your appendix through this cut. If all goes well, you will likely be discharged from the hospital in 2 days, when your pain is well controlled on oral pain medication. 1 Overall, the complication rate is similar with open and laparoscopic appendectomy, but the wound infection rate is slightly higher and the deeper infection rate is slightly lower for the open procedure. 2 You may have more pain than after laparoscopic appendectomy and would likely be in the hospital for an extra day. The overall complication rate for this approach is about 4%. 5, 9 These include:
 Wound Infection, most likely requiring oral antibiotics or opening up the infected wound in the office to allow it to drain, about a 3% risk.
